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The International Space Station 


n the world of human endeavor, the International 
Space Station (ISS) will break new ground. T he 
ISS is a global undertaking of trenendous 
scientific and engineering magnitude. 
Beginning in 1998, at least 15 of the 
world’s nations will collaborate to con- 
struct, operate, and utilize an orbiting 
soace laboratory with capabilities that will 
far Surpass current space research platforms. 
The lSS will afford scientists, engineers, and 
entreoreneurs a unique research facility in 
which to perform complex, long-duration 
experiments. The Station is configured to 
maximize the value of human intervention 
in the experimental process. Yet the ISS Is 
much more than just a research laboratory 
in anovel environment; it is an international 
human experiment—an exciting “city in 
Ssoace.” O ur corps of astronauts will cooperate on 
Station experiments with a community of iInves- 
tigators on the ground. As we learn to live and 
work “off planet” alongside our international 
partners, investigators on Earth will manip- 
ulate orbiting experiments through the 
technologies of telescience, operating in 
virtual soace to expand the boundaries of 
human participation in space research. 
This grand human experiment will play 
out as the Station executes its concurrent 
roles as: The United States is partnering with 
Russia, Europe, Japan, and Canada to 
¢ An advanced testbed for technology fund, build, and operate the ISS. Euro- 


and human exploration pean states are represented through 
membership in the European Space 

¢ A world-class research facility Agency (ESA). Current ESA members 
cooperating on the ISS are Belgium, 

¢ A commercial platform for space Denmark, France, Germany, Italy, The 
research and development Netherlands, Norway, Spain, Sweden, 


Switzerland, and the United Kingdom. 
NASA also holds bilateral agreements 
with Brazil and Italy to supply certain 
station components in exchange for 
research accommodations. 
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An Investment in America’s Future 


0) ver the past quarter century, commercial, academic, and Government researchers have 
made dramatic use of Skylab, the Space Shuttle, M ir, and other space platforms to explore 
new theories. O ur N ation’s investment in space has already produced concrete benefits for life 
in soace and on Earth. Services and products ranging from satellite communications to inter- 
nal pacemakers and cardiac defibrillators owe their existence— at least 
in part— to our investment in space. 
ThelSS marks a new era in research and development. Shut- 
tle experiments are limited to about two 
weeks In space, but the !SS will reside 
continuously in space for more 
than a decade of operations. The 
ISS will provide innovative space 
laboratory facilities, increased 
onorbit experiment time, and 
access by human researchers. The 


growth of low-Earth orbit research 
will provide incentives for the private 
develooment of space infrastructure and 
services. Whether it is Improving Industrial 
Processes, Increasing Fundamental Knowledge 
Looking Afte Our Health, Enabling Explo- 
ration, or Researching Tomorrow’s Products 
Today, ISS research will complement 
ground-based research to generate tan- 
gible returns, improving life on 

Earth and in space. 


The ISS is a technological and scientific 
leap ahead in terms of laboratory facilities, 
experimental capabilities, crew habita- 
tion, and even sheer size. The ISS will 
enclose more than 1,716 cubic yards of 
Pressurized space; this is nearly four 
times the 497 cubic yards that Mir con- 
tains. In addition to its six dedicated lab- 
Oratory modules, the ISS will support a 
crew of seven astronauts and provide 
external truss and exposed facility sites to 
accommodate a broad range of attached 
payloads for technology, Earth system 
science, and space science experiments. 
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Ultimately, the ISS 
partners will put to use 
our firsthand experi- 
ences, research results, 
and technology prod- 
ucts to take the next 
steps In the human 
exploration of the solar 
system. It is our Inten- 
tion that the ISS stands 
not alonein the history 
of human endeavor, 
but as the first step ina 
permanent and contin- 
uous expansion of 
human activity beyond 
Earth orbit. 
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Improving Industrial Processes 


he ISS offers an incomparable microgravity lab- 

oratory for extensive and uninterrupted research 

in fields such as combustion science, fluid physics, 

and materials science— areas of research that are at 

the forefront of industrial applications. Space is an 

excellent environment in which to study processes 

normally masked by gravity-driven forces herve on 

Earth. Station operations early next century promise to 

accelerate Investigations into phenomena that will improve 
industrial processes for Earth and space. 

Microgravity enables us to obtain critical measurements needed to 
understand and resolve practical combustion problems. Gravity-driven flows cause hot air to 
rise through flames, producing the flickering, elongated shape we associate with campfires. 
T his buoyancy is absent in space, however, enabling researchers to study aspects of combus- 
tion that are normally obscured. ISS research should produce knowledge applicable to a wide 
variety of goods we use here on Earth. Combustion plays a central rolein heating our homes, 
powering our cars, and producing a broad range of synthetic 
materials. Even small improvements in controlled combus- 
tion efficiency could help us decrease pollution while saving 
the United States billions of dollars annually. 

Wecan use the microgravity environment of space to Investi- 
gate little known aspects of fluid benavior. Forces that are often 
negligible on Earth, such as surface tension, can predominate in 
microgravity. ISS research into fluid physics could provide a 
foundation for predicting, controlling, and improving a vast 
range of natural and technological processes. T he efficiency of a 
power plant, for instance, deoends in part on fluid flow charac- 
teristics. The construction of more 
earthquake-safe buildings danands 
a thorough understanding of the 
fluid-like behavior of soils under 
cress, O neday, abaseon M ars may 
need to mix gases extracted out of 
M artian rocks and air to create fue 
for onsite powe gmeration or a 
return trip on Earth. 

Materials science investigates 
the relationships among the struc- 
ture, properties, and processing of 
materials. O ften, gravity influences the formation of imperfectionsin materials that degrade ther 
performance. ISS materials science efforts will use the space environment to study how gravity 
influences the characteristics of a variety of materials. With this information, researchers will be 
able to design better products for use on Earth, ranging from contact lenses to car engines. 





On Earth, hot air rises through 
a candle flame, caugng it to 
flicker and takeon an eongated 
gape (top). In space howeve, 
no such distortion takes place, 
giving the flame a spheical, 
steady Shape (right) and 
allowing researchers to study 
aspects of combustion impossble 
to observe on the ground. 





4 The International Space Station 





Increasing Fundamental Knowledge 


hile all the research outlined in this summary will 
increase fundamental scientific knowledge, fore 
most among our Nation's efforts to advance basic 
science via space-based research are our plans for 
fundamental physics, gravitational biology and 
ecology, Earth science, and space science. 

Some of the fundamental laws that govern 
our physical world are difficult to test on Earth. 
It is often necessary to use space to obtain mea- 
surements of the highest possible accuracy. T his 
iS So when extremely uniform samples— free 
from compression because of their own 
weight— are required, when objects must be 
freely suspended in space, or when the 
mechanical disturbances present in Earthbound 
laboratories must be eliminated. ISS research 
will allow us to test some basic physical laws 
beyond the distorting influence of gravity. 

Scientists will use this soace-based laboratory to 
learn how plants and animals that evolved unde the 
influence of terrestrial gravity resoond to long-term 
exposure to microgravity. In doing so, we further our 
understanding of the role of gravity in life processes on 
Earth. In thefuture, 
an understanding of how plants respond to the space envi- 
ronment will be important as we try to control spacecraft 
@vironments and grow food for long-duration space 
travel. The 1SS will play a critical role as the only research 
facility where both microgravity and partial gravity can be 
used as experimental variables in a laboratory setting. 

The ISS will take advantage of its unique human- 
tended capabilities to run an adaptable and novel series 
of observations that further our understanding of our 
home and its extended neighborhood, the universe 
Access to ISS resources such as electrical power, data 

communications, and human interven- 
The availability and quality of food on long tion will, in some cases, enable longer 
duration space missions will depend on how and more flexible experiment runs than 
wal we understand the effects of gravity on the possible with autonomous operations 
growth and reproduction of plants The ISS (that Is, as a free-flying satellite). T hese 
will save as a powerful laboratory where we Earth and space science experiments 
can advance our understanding of the role of will complement broader, ongoing 
gravity in the origin and evolution of life research agendas in these disciplines. 
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Looking After Our Health 


pace flight poses both challenges and opportunities for human health. 

Exposure to the microgravity environment causes a number of changes 

within the human body itself. H owever, a study of these changes helps us 

mitigate ther effects on space travelers and better understand the human 

body asa whole. Advances in caring for astronauts In space have the added 

benefit of advancing health care technologies here on Earth. At the same 

time, microgravity isan additional laboratory tool in certain biotechnology 
pursuits, such as protein crystal growth and tissue culturing. 

Adaptations in the body from space flight can have adverse effects 

on astronauts when they return to Earth. M any of these effects, 

such as bone and muscle loss, sean to increase with the length of 

time spent in microgravity. T he capabilities of the 1SS will enable 

unprecedented study of the effects of long-duration space travel on 

the human body. Researchers will use |SS data to design better 

countermeasures to some of these effects for our astronauts. Effective 

countermeasures will become increasingly important as we contemplate 

sending astronauts beyond low-Earth orbit and deeper into the solar system. 

ThelSS will be a testbed for advanced medical and life support technologies designed specifi- 
cally for space travelers. Some of these technologies have already found terrestrial applications. 
N ASA-developed telemedicine systems have been used to provide high-quality medical advice, 
instruction, and education to underserved parts of our N ation and the world. Autonomous med- 
ical capability and “smart” robotic technologies will be an important part of keeping our astro- 
nauts safe when our Nation and its international partners expand human activity in space. 

T he influence of gravity can have unwanted consequences in the growth of certain highly del- 
icate protein crystals and cultured tissues. Space offers 
an environment where researchers can study protein 
crystal growth and tissue culturing beyond gravity’s 
disturbing influence. Researchers can take the knowl- 
edge gained from microgravity experimentation to 
improve Earth-based methods in these fidds. Some 
times, certain spacegrown crystals can be used 
directly to discern a proten’s structure. T his informa- 
tion can then be used in structure-based drug design. 
M icrogravity research on the!SS will enable scientists 
to grow and analyze protein crystals on orbit. 1SS cell 
culturing work will help us understand the factors 
influencing the growth and differentiation of tissues. 


A cationary cal culture of colon cancer (bottom lett) fails to take 
on the three dimengonal shape that the tissue takes in the human 
body itsaf. In microgravity, howeve, the structure of the tissue cul- 
ture more closdy resembles the natural sate of the cancer (top). 
Researchers will use the ISS to bette understand the 
factors influencing the growth of tissue outsde the human body. 
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Enabling Exploration 


he space frontier beckons to us with the promise of new and 

exciting discoveries. Humans will be an integral component of a 
comprehensive and vigorous program of solar system exploration. A 
person's adaptability, resourcefulness, and autonomy are Irreplace- 
able for tasks such as the construction of a robust lunar outpost and 
advanced geologic field work on Mars. M any challenges remain 
before living and working in space become natural extensions of 
our lives here on Earth. 

The ISS is the next 
logical steo in our quest 
to send humans to 
explore and develop the 
solar system. The ISS will 
be a technological tetbed, Researchers will use the SS to monitor the 
a microgravity laboratory, Sun's activity while testing technologies that 
and acommercal platform; might hdlp shield space travelers from 
with it, we may eventu- dangerous solar events, such as the Sun’s 
ally understand exactly coronal mass gections pictured hee 
what adjustments to our 
Earth-based methods we need to make before we 
send our astronauts to M ars and beyond. 

Human exploration of thesolar sytem will require ISS research to enable exploration can be broken 
long periods of space travd far from home Space down into two primary categories: engineing 
vehides will need to sustain the astronauts for research into the technology, mission architecture, 
months, even years, without resupply from Earth. and operational standards necessary to live and 
ISS research into advanced recyding and environ- work far from Earth; and the science that will serve 
mental monitoring technologies will make it pos- as the bedrock for our understanding 

gble for spacecraft dedgners to devdop advanced of how to utilize this 
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life-support systems for vehicles such as the concep- new environment. 
tualized interplanetary transport pictured here ISS research will 
yield more 


robust, closed-loop lifesupport systems, advanced 
robotic capabilities, high-efficiency soace power gene- 
ation and storage, and special protective coatings for 
the space environment. Fundamental research into 
microgravity’s effects on the human body and plant 
and animal development will set the standards for 
engineering systems to support life far from Earth. 
Advances in fields such as combustion, materials sci- 
ence, and fluid physics will teach us how to make use 
of extraterrestrial resources as fuel sources to power 
our spacecraft back home. T he!SS isa critical steo in 
humanity's exploration of the solar system. 
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Researching Tomorrow's Products Today 


n the 20th century, space exploration 

has profoundly impacted the way we 
view ourselves, our world, and the way 
we live. Our Nation's investment in 
Soace has resulted in a myriad of services 
and products that affect our everyday 
lives. Whether we are making a trans- 
pacific teleohone call, creating with a 
computer-aided design tool, using our 
mobile phone, wearing a pacemaker, or 
undergoing an MRI, we are using tech- 
nology that space exploration either 
developed or improved. 

Commercial involvement in micro- N ASA will use virtual reality applications, such as the head- 
gravity research and space development st and gloves pictured here, to train ISS astronauts in a 
has been limited to date by scarce flight virtual Space Station environment. Virtual reality isjust one 
opportunities and only sporadic access to example of NASA's technology invetment benefiting the 
orbit. With a continually operating and private sector. 
accessible space laboratory, commercial 
interests can now begin planning how to best use the environment of space to their advan- 
tage, bringing about the next boom In space development. 

ISS research holds the key to Earth-based benefits that soan industrial sectors. Further 
research into the physiology of plants could lead to new categories of plant-based technologies. 
Work in gravitational biology and ecology could help us design hardier crops for space farms 

and onboard food production as well as more efficient, biologically 
based waste management systems. Crystals grown in space 
can help improve catalysts used to extract oil, enhanc- 
ing the yield of American petroleum products. T he 
use of microgravity and vacuum production 
techniques in space might trigger the next 
generation of highly pure and accurate semi- 
conductors for use in our electronics. T hree- 
dimensional structural analyses of certain 
protein crystals grown In space have already 
helped us model pharmaceuticals that are 
now in clinical trials. Demands for 
resources such as power and data commu- 
nications may sour private space develop- 
ment investments to provide commercial 
services to soace experimenters. For all these 
reasons and more, the!SS will serve as a lab- 
oratory and testbed for the devdopment of 
new processes, products, and services to ben- 
efit life on Earth and in space. 
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Research Capability Evolution 


0) utfitting the !SS for research operations will take place over a 

number of years. The U.S. Laboratory will be placed on orbit 
in 1999. Experimental facilities that fit inside the U.S. Laboratory 
and on attached sites will follow in subsequent years. AS|SS assem- 
bly proceeds, N ASA’s onorbit research capability will grow as additional experimental 
facilities are deployed. To plan and manage the growing research capabilities of the Station, 
N ASA and theISS partners maintain an evolving facility deployment and assembly schedule. 
T his sequence may change as the ISS program and Station payload plans mature. T he 
Schedule for Research Capability Evolution summarizes the arrival of experimental facilities 
at the 1SS, as Known in M ay 1998. 


SCHEDULE FOR RESEARCH CAPABILITY EVOLUTION 











FLIGHT EQUIPMENT DEPLOYED RESEARCH AREA 

1999 EXPRESS Rack * M ultidisciplinary 

2000 Human Research Facility-1 Biomedical Research 
W indow O bservational Research Facility Earth O bservations 
Microgravity Sciences Glovebox * Biotechnology, Combustion, Fluid, 

and M aterials Science 

EXPRESS Rack (3) * M ultidisciplinary 

2001 Gravitational Biology Facility-1 Gravitational Biology & Ecology 
M aterials Research Rack * M aterials Science & Physics 
Fluids and Combustion Facility-1 * Combustion Science 
Life Sciences Glovebox Biomedical Research, Biotechnology, 

and Gravitational Biology & Ecology 

EXPRESS Rack * M ultidisciplinary 

2002 Alpha M agnetic Spectrometer Space Science/Space Physics 
Stratospheric Aerosol & Gas Experiment Earth Science 
Environmental M onitoring Package * Space Science/Space Plasma Physics 
Gravitational Biology Facility-2 Gravitational Biology & Ecology 
Fluids and Combustion Facility-2 * Fluid Physics 
M aterials Science Research Facility-1 & 2 Materials Science 
X-Ray Crystallography Facility * Biotechnology/Gravitational Biology 
H uman Research Facility-2 Biomedical Research 
EXPRESS Pallet-1 & 2 * Engineering Research 
EXPRESS Rack (2) * M ultidisciplinary 

2003 Low Temperature M icrogravity Fundamental Physics 

Physics Facility 
Centrifuge * Gravitational Biology & Ecology 
Biotechnology Facility * Biotechnology/Gravitational Biology 
Fluids and Combustion Facility-3 * Fluids & Combustion Science 
Advanced H uman Support Life Support/Environmental 
Technology Facility M onitoring 

M aterials Science Research Facility-3 M aterials Science 
EXPRESS Rack * M ultidisciplinary 


* D enotes commercial participation as of D ecember 1997. 
T he Crew H ealth Care System will be deployed in 1999 on assembly flights; while contributing to biomedical research, the 
system's primary purpose will be to serve the operational health needs of the astronauts. 
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This executive summary is the stand-alone accompaniment to the separately published document, 
The International Space Station: Improving Life on Earth and in Space, The NASA Research Plan, 
An Overview. This document was developed by the NASA Enterprise for the Human Exploration and 
Development of Space (HEDS) through the Office of Life and Microgravity Sciences and Applications 
(OLMSA). Technical assistance was provided by the Johnson Space Center’s Space and Life Sciences 
Directorate and Futron Corporation. 


For an electronic copy of this document or for more information on ISS research, please visit the 
OLMSA web site at http://www.hg.nasa.gov/office/olmsa. Also visit the Station web site at 
http://station.nasa.gov. 


A technical ISS Research and Technology Utilization Guide will also be made available in 1998. 
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